Objective: To analyze overweight and obesity in a nation by self-report (SR) data and by data about the target person provided via other household members compared to measurement devices (MD). The magnitude of hypothesized under-reporting by the SR data should be estimated with adjustment for age, gender, and education. Design: Two cross-sectional studies, nationally representative health examination surveys (response rates: 61.4 and 73.2%, respectively). Setting: Adult general population of Germany aged 20-79 years. Subjects: Sample 1 included 6806 residents. Samples 2 (n ¼ 98 673) and 3 (n ¼ 34 960) included residents in the second survey. Measurements: In sample 1 MD data were collected, in sample 2 SR data were collected, and in sample 3 body weight and height information was provided from another household member living together with the target person. Results: MD data revealed higher proportions of overweight and obesity compared to SR. Among women with body mass index (BMI) 35.00 or higher, the odds ratio (OR) was 3.9 (95% confidence interval, CI, 3.2-4.7), and among men 2.8 (CI, 2.2-3.6) for MD versus SR. Data from other household members also revealed higher proportions of overweight and obesity than SR (OR for BMI 35.00 or higher 2.1, CI, 1.7-2.5, for data from other household members versus SR in women and OR 1.3, CI, 1.1-1.5, in men).
Introduction
The body mass index (BMI) has been widely used for the definition of overweight and obesity: in studies concerning nutritional status (e.g. Guo et al., 2004; Dzieniszewski et al., 2005; Magkos et al., 2005) , in studies concerning intervention in overweight (e.g. Maffiuletti et al., 2005; Mason and Katzmarzyk, 2005; McQuigg et al., 2005) , in epidemiological studies, including different aspects of nutrition (e.g. Hallal et al., 2005) , and in disease risk studies (e.g. Wang and Hoy, 2004) . The BMI is a highly time-saving measure. Particularly attractive seems to be its application as self-report (SR). Studies according to whether SR data of body weight and height are comparable to measurement devices (MD) data about body weight and height have been carried out (e.g. Niedhammer et al., 2000; Villanueva, 2001; Wada et al., 2005) . However, there are considerable limitations according to cultural aspects or according to the samples -some of them are no general population samples.
SR-based data of body weight and height are attractive because of their low costs and ease of implementation into national health surveillance systems. However, large and consistent evidence shows that the BMI underestimates the proportions of overweight individuals among the general population when it is based on SR instead of MD data for body weight and height (Millar, 1986; Stewart et al., 1987; Nieto-Garcia et al., 1990; Rowland, 1990; Kuskowska-Wolk et al., 1992; Roberts, 1995; Niedhammer et al., 2000; Kuczmarski et al., 2001; Engstrom et al., 2003) . The SR-MD divergence is larger among women than among men, the less educated the individuals are and the higher their BMI according to MD (Rowland, 1990; Niedhammer et al., 2000; Kuczmarski et al., 2001; Villanueva, 2001) . It varies by age (Niedhammer et al., 2000; Kuczmarski et al., 2001) and occupational status (Bostrom and Diderichsen, 1997) .
Several reasons might be responsible for the underreporting from SR data such as inaccurate memory of body weight, having missed to observe an increase of body weight or intentional minimization of body weight in order to meet a body image of slimness. The first reason might be age specific; others might be particularly sensitive to culture and the value of slimness in society.
The study designs include nonclinical samples in which the BMI has been estimated on grounds of SR and MD data derived from the same individuals (Millar, 1986; Stewart et al., 1987; Nieto-Garcia et al., 1990; Rowland, 1990; Kuskowska-Wolk et al., 1992; Roberts, 1995; Niedhammer et al., 2000; Kuczmarski et al., 2001; Engstrom et al., 2003) . This approach seems to be the most suitable way to achieve data about the SR-MD divergence. However, in such an approach reporting bias may emerge. According to the need to obtain informed consent from study participants, they should also be informed about the body weight and height measurements. Considering that, the collection of SR and MD data from the same individuals may lead to an underestimation of the SR-MD discrepancy when the study participants suspect that their SR shall be verified by MD. In previous studies, this might have generated a tendency towards a reduction of the SR-MD divergence. Furthermore, different data gathering methods, personal interviews and mailed questionnaires were used. The following approach is aiming to minimize such a reporting bias by comparing data of two independent samples, both representative of the population under interest.
For public health reasons and the purpose of intervention planning, nation-wide proportions of overweight and obesity are of interest. The same proportions should be achieved from different studies designed to obtain data about the BMI. Such an approach provides further evidence of the validity of SR data; however, only little has been published on this topic, especially from European countries. This might add valuable evidence, particularly if BMI data may be gathered in an extremely cost-saving manner as part of surveillance systems.
The goal of the present paper was to test whether three samples representative for the adult general population of the same nation, two of these using cost-saving SR data or the information about the target person via another household member, differ when based on SR or MD. It was hypothesized that SR overweight proportions would be significantly lower than the MD overweight proportions among the general adult population, even after controlling for age, gender, school education, and professional training. In addition, we hypothesized that obtaining the information about a target person via a household member would be associated with lower proportions of overweight and obesity than when receiving the information from the target person as SR.
Methods

Study population
Sample 1 is a nationally representative sample of the German civilian, noninstitutionalized population aged 18-79 years (Bellach et al., 1998) . A random sample (N ¼ 13 222) stratified by the 16 German Federal States was drawn from the German residents' registration files in which every resident's address, age, and gender are included by law. On contact of the target persons, 1621 (12.3%) had been deceased, moved, were unknown under the registered address or did not speak German. Of the remaining 11 601 individuals, 7124 (61.4%) took part in the study and provided sufficient information (Thefeld et al., 1999) . Among them were 6806 aged 20-79 years. These constituted our final sample 1. They were invited to take part in a health examination that was conducted in 120 sample points in an examination center, that is, rooms rented for the purpose of the study (Schroeder et al., 1998) . Data were collected October 1997 until March 1999 (Thefeld et al., 1999) .
Sample 2 is part of a 1% national sample of 39 300 defined areas of residence in Germany drawn for purposes of the Federal Statistics Office (microcensus). All persons living in one of these selected areas of residence were included as eligible in the study (n ¼ 724 139) (Luettinger et al., 1997) . Data were collected in April 1999. Persons were by law obliged to provide the respective information. This included age, gender, employment, and income per household member. To answer the questions about school education and professional training was voluntary. The participation rate was 97%. Additionally, in a 45% random subsample of the areas of residence, all household members obtained further questions to be answered voluntarily, and among these were body weight and height. Available for scientific use was a random sample of the data set. This file included n ¼ 506 897 (70.0% of the 724 139 target individuals), among them 175 472 individuals aged 20-79 years. For 133 633 (76.2%) participants, data on body weight and height were provided resulting in a response rate of 73.2%. Most of the target persons (98 673, 73.8%) provided the required information by SR. These 98 673 individuals constituted our final sample 2. For 32 670 target persons (24.5%), information was provided from a household member. For 2290 target persons (1.7%), source of information, that is, obtained directly by the target person or a household member, was unclear. These latter two subject groups did not differ according to overweight and obesity. We merged them to sample 3. Samples 1 (51.6% females) and 2 (52.7% females) did not differ according to gender (w 2 ¼ 2. (Cohen, 1988) . For overweight, obesity I and II odds ratios (OR) and 95% confidence intervals (CI) were calculated. We applied multinomial regression analyses since we did not hypothesize an ordered sequence of these three BMI proportions with respect to an SR-MD divergence.
Results
The MD data for men and women in all age groups revealed significantly higher proportions of overweight or obesity than did the SR data (Table 1) . Among women, the divergence was particularly large at the age of 50 years or older, as revealed by effect sizes. Men included 9.9 percentage points less overweight or obese, women 12.1 percentage points less overweight or obese when the BMI was based on SR instead of MD data. The provision of data about the target person via a household member was related to a proportion of overweight and obesity lower than that of target persons who provided SR data. The multivariate data analysis revealed significantly higher odds for overweight, obesity I and obesity II for MD-based BMI compared to SR-based BMI when adjusted for school education, professional training, employment, and income ( Table 2 ). The OR increased by age, and it was lowest for overweight and highest for obesity II.
Discussion
The main finding of this study shows a large MD-SR divergence when using two nationally adult general population samples independent from each other. The odds for having a BMI of 35 kg/m 2 or higher are almost three-fold among males and nearly four-fold among females if the BMI is measured instead of relying on SRs, even when adjusted for established variables known to be related to the BMI. Samples 1 and 2 do not differ according to gender and show a slightly higher mean age in sample 2. The data reveal that the BMI is underestimated by SR data, the more so the older the individuals are. Particularly, women tend to underestimate their BMI increasingly by age, more so for obesity than for overweight. Among men in all age groups and among women in the age groups below 50, the Cohen's w is less than 0.10, indicating no effect, but the OR show strong differences in most of the age groups both among males and females, and it must be kept in mind that margins for the effect size are somewhat arbitrary. The use of two independent samples may have contributed to the findings, indicating that there might be a bias in the report of the SR-MD divergence when using one sample (Millar, 1986; Stewart et al., 1987; Nieto-Garcia et al., 1990; Rowland, 1990; Kuskowska-Wolk et al., 1992; Roberts, 1995; Niedhammer et al., 2000; Kuczmarski et al., 2001; Engstrom et al., 2003) .
The findings suggest that there is a systematic underestimation of overweight and obesity when information about a target person is received from another household member. This effect seems to be somewhat stronger for the target person being a female rather than male. A reason for the systematic underestimation might be that body weight is obscured according to a social norm of slimness. Not communicating about body weight in a household might add to a lack of knowledge about the body weight of other household members. A public health goal may be to foster communication about BMI. Both hypotheses are supported by the data.
When using the BMI from general population samples MD instead of SR data should be used. If this is impossible, it should be kept in mind that the underestimation of overweight and obesity by SR data may be more than 10 percentage points. It might be argued that SR data could be used with a correction factor. However, the findings are restricted to the general population aged 20-79 years of just one European country, and the degree of underestimation may differ by nation.
Limitations of our approach include a potential sampling bias. The samples were drawn using different procedures, obtaining different access to the study participants, and employing different examination methods (interview versus health examination). Altogether, different mechanisms of sample selection bias may have taken place. Nevertheless, the samples are representative for the adult national population according to gender and areas of residence, and they tend to be representative according to age 20-79 years. Furthermore, it may be suspected that individuals who were unable to recall their height or weight in a valid manner or did not intend to provide information about their body Validity of overweight U John et al weight or height might have been overweight or obese. No data about pregnant women were available. We conclude that estimates based on SR data about proportions of overweight and more so of obesity are too low. This is even more the case if information about a person is gathered from another household member. SR data underestimated the prevalence of overweight and obesity by more than 10 percentage points. The odds for obesity II according to MD data were found to be almost four-fold for women and almost three-fold for men compared to SR data. The underestimation of overweight and obesity by SR data remains to be significant after adjustment for age, gender, school education, professional training, employment, and income. The ORs for overweight and obesity increase by age. They tend to be higher for women than men and higher for obesity than for overweight. Findings from other samples are supported, according to which there is an underestimation of the BMI from SR data. MD should be used for body weight and height when the proportions of overweight and obesity in a nation are of interest. Our approach excluded measurement bias that may exist in studies in which MD and SR data are collected in the same sample at the same time. w ¼ effect size estimate Cohen's w: less than 0.10 indicating no effect and 0.10-0.30 indicating a small effect (Cohen, 1988 (20-29, 30-39, 40-49, 50-59, 60-69, 70-79 years) , school education (9, 10, 11-12, 13 years), professional training (no, apprenticeship, technician, college degree, university degree), employment (employed, unemployed), and income per household member.
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